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A B S T R A C T
Gastroenteritis is one of the most commonly reported communicable diseases in Croatia, where there is a well-estab-
lished system for the surveillance of this disease. The aim of this study was to identify the frequency and the most caus-
ative agents of gastroenteritis outbreaks and to identify underlying factors contributing to disease outbreaks.We analysed
89 reported outbreaks documented by local epidemiologists to the Croatian National Institute of Public Health during
2006. Most outbreaks happened during the summer (39.3%).Causative agents in the summer were mostly bacteriae while
viruses were mostly the causative agents in the spring (p<0.01). Also bacteria was the most causative agent in outbreaks
conducted in private households and public restaurants, while viruses, mostly norovirus, were causative agents in out-
breaks in homes for elderly people and hospitals (p<0.01). Bacterial infections were related to substandard practices in
food preparation and warehousing, and virus infections were related to person-to-person contact (fecal-oral route and
airborne transmission) (p<0.01). However, it is important to recognize the need for continuous public education, espe-
cially for professionals involved in food preparing as a step in how to prevent gastroenteritis.
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Introduction
In Croatia, there is a mandatory notification system
for registering individual cases of illnesses and outbre-
aks, which serve to control infectious diseases for more
than 80 years. A statutory notification is forwarded from
every physician, who diagnoses an infectious disease, to
competent local epidemiology units (altogether 113) which
operate inside 21 County Institutes for Public Health,
within 24 hours. Outbreaks of infectious diseases are re-
ported immediately by phone or fax. The purpose of this
is to prevent spreading communicable disease as soon as
possible. In the end, all notifications are collected and
analysed at the Croatian National Institute of Public
Health. This system tracks 88 specified infectious di-
sease1–3. Gastroenteritis is one of the most commonly re-
ported diseases in Croatia, with 17 629 reported cases in
2006 followed by Varicella disease (19 549). Of all gastro-
enteritis cases, 4 734 were salmonellosis, significantly re-
lated to public food preparation, livestock breeding and
the food manufactured from this livestock. In 2006 106.62
salmonellosis cases were reported in Croatia per 100 000,
in comparison to 38.69 per 100000 in states within the
European region and 62.96 per 100 000 in EU members5.
Reported incidences of salmonellosis cases in neighbour-
ing countries were also lower, in Slovenia there were
74.78, Serbia 31.4 and in Bosnia and Hercegovina 7.52
per 100 0005.
Every year foodborne diseases affect one third of the
population in developed countries6. Salmonella spp. was
the most common cause of foodborne outbreaks in the
WHO European Region (around 75%). Most of these out-
breaks are due to the consumption of food of animal ori-
gin, particularly insufficiently cooked eggs or foods con-
taining raw eggs, such as mayonnaise, ice cream or
cream-filled pastries. Foodborne viruses were the second
most frequent outbreak cause in 2006. About 40% of all
these outbreaks over the past decade were caused by the
consumption of food in private homes6,7. The fact that
gastroenteritis is one of the most common disease world-
wide8 is important because of its significant financial
burden. It is a notable public health problem considering
the number of sick people, deaths, costs of treatment,
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hospital stays, and absenteeism from work or school. In
The Netherlands, for example the cost of gastroenteritis
was 77 Euro () per case and amounted to approximately
345 million  for all patients. An estimate cost for pa-
tients with Salmonella, Campylobacter or norovirus was
10–17% of the cost of gastroenteritis9.
While most of these illnesses are preventable, we are
interested to find out where most outbreaks occur, whe-
ther in public services or in domestic places and how im-
proper food handling practice contributes to illnesses.
Therefore, the aim of this study was to identify the fre-
quency and the most causative agents of gastroenteritis
outbreaks and to identify underlying factors contribut-
ing to disease outbreaks. Those findings can help us to
improve control measures to prevent occurrences of ill-
nesses in the community.
Materials and Methods
This study includes all outbreaks of gastroenteritis
reported to the Croatian National Institute of Public
Health between 1 January and 31 December 2006. The
data was analysed from standardized questionnaires con-
cerning the outbreaks submitted by local epidemiolo-
gists. The collected data included: county of outbreak on-
set, source of outbreak report, setting of the outbreak,
causative agent, month of onset outbreak, duration, num-
ber of exposed, cases, incidents of hospitalization or
death, probable and confirmed vehicle of infection trans-
mission and source of infection, microbiological results of
stool, professional conclusion for the cause of the out-
break and conducted outbreak control measures. Source
of outbreak report was the way in which an epidemic is
identified (notification from professional medical ser-
vices, residents in the community and through man-
ditory notifications). The number of exposed was calcu-
lated on epidemiological evidence based on the posibility
of same food or water consumption as ill people. The
month of outbreak onset was defined by the date of onset
in the first case of an outbreak. In case of foodborne out-
break, data such as microbiological results of sampled
food, environmental samples from places where the food
was prepared and from people who were preparing the
food, was analysed. In case of waterborne outbreaks,
data of microbiological results of sampled water was col-
lected.
An outbreak was defined as an incident in which two
or more people experienced similar symptoms such as di-
arrhea and/or vomiting and there were epidemiologically
connected by ingesting the same food or water from the
same source which was identified as the source of illness.
A confirmed foodborne outbreak is defined as an incident
in which two or more people experience similar symp-
toms after food ingestion and where an epidemiological
review suggests the food was a source of illness10.
Data analysis included descriptive statistics (frequen-
cies, proportions, range, median, mode), and nonpara-
metric c2-test. We considered p<0.05 to be statistically
significant. For data analysis, the commercial SPSS 15.0
software was used.
Results
During the year 2006, local epidemiology units re-
ported 102 outbreaks, of which 89 showed symptoms of
gastroenteritis, to the Croatian National Institute of
Public Health. The sources that reported the gastro-
enteritis outbreak are as follows: 68.5% were from pro-
fessional medical services, 18% from the public, and 9%
from mandatory notifications. A total of 49 outbreaks
were from the coastal region (including the following
counties: Primorsko-goranska, Li~ko-senjska, Istarska,
Zadarska, [ibensko-kninska, Splitsko-dalmatinska and
Dubrova~ko-neretvanska) and 40 outbreaks came from




City of Zagreb and County of Zagreb). The most reported
cases of outbreaks were from the counties of Primor-
sko-Goranska (14; 15.7%) and Istra (12; 13.5%) (Table 1).
There was no significant difference between region
and causative agents of outbreaks (c2=6.007; df=4;
p>0.05). From all outbreaks, 1686 cases were affected,
in relation to 15 737 exposed individuals. A median num-
ber of cases per outbreak were 11 or mode 6 (in a range
between 2–126 cases). The major portion of cases was
with 6–20 affected people (Table 2).
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TABLE 1
REPORTED GASTROENTERITIS OUTBREAKS ACCORDING TO
COUNTY BY FREQUENCY AND PERCENT IN CROATIA, 2006
County with outbreak onset n (%)



















In total 180 individuals were hospitalized (in range
0–21; median per outbreak 1, mode 0) and there were no
deaths. The duration of an outbreak was between 2 to 49
days, with a median of 7 days and mode of 5 days.
Most outbreaks happened in public restaurants (39.3%),
private households (32.6%), and hospitals and homes for
elderly people (20.2%). The onset of the outbreaks oc-
curred mostly in the summer (39.3%), spring and au-
tumn (22.5%) and winter (15.7%) (Figure 1).
There exist statistical significance (c2=23.6; df=6,
p<0.01) between the type of agents and month of re-
ported outbreaks. In the summer, causative agents were
mostly bacteriae and in the spring they were viruses.
The probable vehicles for transmitting the infections
were as follows: foodborne 30.3% (number 27), person-
-to-person contact 16.9% (15), combination of person-
-to-person contact and foodborne 16.9% (15), waterborne
1.1% (1) and unknown 34.8% (31). Microbiological con-
firmed foodborne outbreaks were 16.9% (number 15).
The most pathogens in foodborne outbreaks were con-
firmed in cakes, deserts 12.4%, meats and meat products
10.1%, eggs 3.4% and fish or shells 2.2%.
In total, 1,906 stool and vomit samples were collect.
The most causative agents were Salmonella enteritidis
(47.2%), norovirus (14.6%), Clostriduim perfringens (3.4%)
and rotaviruses (2.2%). In 16.9% of the cases, causative
agents were unexplained. In order to confirm the cause
of the epidemic, a microbiological analysis was made of
the working environment, equipment (21) as well as mi-
crobiological analysis from the hands (17) of the profes-
sionals who were preparing the food. The results were
most positive for the bacterium species Enterobacteria-
cae, as well as an increased number of total bacteria, and
Staphylococcus aureus. From 71 food samples S. ente-
ritidis was most detected (number 19), in comparison to
S. infantis, S. senftenberg, S. coeln, St. aureus, Entero-
bacteriacae.
c2-test showed us statistically significant differences
between causative agent in the location of the outbreaks:
a bacterium was the most causative agent in outbreaks
conducted in private households and public restaurants,
while viruses, mostly norovirus, were in outbreaks in
homes for elderly people and hospitals (c2=56.14; df=8;
p<0.01) (Figure 2).
There was no significant statistical relation between
the type of causative agents and the number of cases
(c2=12.59; df=12; p>0.05). Epidemiologists who were
documenting the outbreaks suggested the main cause of
the outbreak based on microbiological analysis. The lead-
ing cause was the consumption of undercooked food of
animal origin (22.5%), infected food handlers (12.4%),
storage at temperatures that favour the growth of patho-
genics (11.2%), or person-to-person contact (11.2%).
There is a significant difference between the setting
of an outbreak and the main cause of it (c2=50.78;
df=12; p<0.01). Outbreaks occurring in private house-
holds and public restaurants happen because of poor hy-
gienic conditions and temperatures that are not ade-
quate for preparing food and storing cooked food. In
settings such as hospitals and homes for elderly people,
outbreaks were associated with person-to-person trans-
mission of enteric pathogens, predominantly norovirus.
In addition, there was a connection between causative
agents and the main cause of the outbreak (c2=24.69;
df=6; p<0.01). Bacterial infections were related to poor
practices in food preparation and warehousing, while vi-
rus infections were related to person-to-person contact
(fecal-oral route and airborne transmission).
Discussion
As we can see, during the year 2006, there were 89
outbreaks of gastroenteritis reported to the Croatian Na-
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TABLE 2
THE PORTION OF GASTROENTERITIS CASES PER OUTBREAK
IN CROATIA, 2006















































Fig 1. The number of reported cases of gastroenteritis outbreaks






















Fig 2. Frequency of outbreaks causative agents by settings of out-
break in Croatia, 2006.
tional Institute of Public Health, mostly from medical
services. The most frequent number of illness per out-
break was six, with no hospitalizations. The duration of
the outbreaks was mostly 5 days and happened in the
summer. Summer outbreaks usually were related to bac-
terium while spring outbreaks were associated with vi-
ruses. In regards to the setting of the outbreaks and
causative agent, we found that bacterium was the most
causative agent in outbreaks occurring in public restau-
rants and private households while viral pathogens, no-
tably norovirus, were associated with outbreaks in semi-
-closed settings such as homes for the elderly and hospi-
tals. The vehicle of infection transmission was mostly
food, followed by the combination of food and person-
-to-person contact. Microbiological analyses isolate from
stool and food samples, determined Salmonella sp. as the
most causative agent. From environmental samples, we
found out that the presence of bacteria such as En-
terobacteriacae, increased the number of total bacteria,
and St. aureus suggested poor personal hygiene.
Considering the burden of gastroenteritis disease on
individuals and society, it is important to establish a rou-
tine surveillance of communicable disease11. In Croatia,
all medical professionals in the public and private sector
have a mandatory obligation to report suspicion or lab-
-confirmations for 88 communicable diseases. However,
the difference between the reported 49 outbreaks from
the coastal region in relation to the 40 outbreaks from
the continental region of Croatia could indicate better
promptness in notification on behalf of the coastal re-
gion. On the other hand, the difference could be related
to the climate conditions that support an environment
for microorganismic growth. In addition, it is possible
that many domestic outbreaks were underreported so we
need to advocate the importance of reporting and analyz-
ing the notifications of outbreaks since familiarity with
the epidemiological situation in country can be helpful in
determining the causes of gastroenteritis. Our interest,
besides the incidences and etiology of the outbreaks, was
finding the most frequent setting for the outbreaks. In
this study, those places were primarily restaurants. This
could be because a disease is more likely to be registered
if it occurs in a restaurant, or because more meals are
prepared for more people and so the possibility of food
contamination resulting in illness rises. We have found
that outbreaks in restaurants were often connected with
wedding celebrations and sacraments, which are tradi-
tional in Croatia. In these cases, it was often that the per-
son organising the celebration supplied the restaurant
with food that was sanitary uncontrolled and of un-
known origin (such as cakes, desserts, pork and lamb
meat, and meat products). The other extenuating cir-
cumstance was preparing large amounts of food several
hours or days (e.g. cakes) before consumption, coupled
with its storage at temperatures that favor the growth of
pathogenic bacteria and/or the formation of toxins. The
data from a prior conducted study suggested a linear as-
sociation between the environmental temperature and
the number of reported cases of salmonellosis12. These
findings reinforce the need for education on food han-
dling, especially since there are people who prepare food
for the public in Croatia without adequate professional
education. That fact is also related to inadequate hand
washing by food workers, which is also an important con-
tributing factor to foodborne disease outbreaks13. In our
study, the microbiological analysis of hand smears by
food handlers were most positive on bacterium species
Enterobacteriacae, with an increased number of total
bacteria, and St. aureus which suggests poor personal
hygiene. Good personal and food preparing hygiene prac-
tice play one of the most important roles in controlling
gastroenteritis outbreaks. For example, the retention of
bacteria on food contact surfaces increases the risk of
cross-contamination of these microorganisms in food. S.
enteritidis recovered from surfaces at high contamina-
tion levels last for at least 4 days, but at moderate level,
the numbers decreased to the detection limit within 24
hour and at low level within one hour14. Microorganisms
easily transmit from wet sponges to stainless steel sur-
faces and from these surfaces to food14 e.g. important in
preparing raw salad. An experiment for a washing-up
process simulation, where soiled dishes contaminated
with bacteria (Salmonella, Campylobacter and Esche-
richia coli O157: H7) were washed in a bowl of warm wa-
ter containing detergent, show that proportion of the
dishes remained contaminated with all the pathogen
types after a typical washing-up. E coli and Salmonella
survived towel or air-drying dishes, and after towel dry-
ing, the cloth became contaminated on every occasion15.
Also washing sterile dishes after contaminated dishes re-
sult in the sterile dishes to become contaminated with
pathogens, but transmission to food was rare15. These re-
sults indicate the risk in domestic settings but also in
public food preparing places since many of them do not
have a dishwasher. One study supports the benefits of us-
ing a household dishwasher at a temperature of 71°C as
suitable for cleaning and disinfecting medical equipment
contaminated with bacteria and virus. In both cases, the
study found the dishwasher process to be a suitable
means of disinfection medical instruments16. All of this
addresses the importance of continual professional edu-
cation, which in Croatia is obligatory for all food han-
dlers and food sellers every four years17, especially in re-
gards to the structure of employees in food handling.
Results from a prior study indicated that certified food
handlers had a greater knowledge of food safety informa-
tion than did non-certificated food handlers. Their re-
sults support the need for mandatory food certification
for food handlers and for recertification at least every 10
years18. In addition, 22.9% of outbreaks were through an
infected person or carrier in a restaurant as the cause of
the outbreak (the leading cause of viral infections in in-
stitutions was 61.1%). This information implies negli-
gence of restaurant managers who can and must monitor
employee illness. Viral pathogens were associated with
outbreaks in semi-closed settings such as homes for el-
derly people and hospitals. Transmission was usually
connected with household member with gastroenteritis,
contact with a person with gastroenteritis outside the
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household and poor hand hygiene19. In our study, viruses,
as causative agents of gastroenteritis was statistically
significant mostly in settings where the predominant
way of transmission was person-by-person (fecal-oral
route or airborne transmission) with maximum activity
in the spring. Beside viruses and bacterium as causative
agents, 58 patients in four outbreaks related to food con-
sumption confirmed trichinosis. All cases were linked
with eating meat originating from a home-slaughtered
pig. Those affected had eaten a smoked sausage. In con-
clusion, we want to underline the importance of contin-
ued reporting of all gastroenteritis outbreaks. Three
years prior to this study, the number of salmonellosis
cases was something lower e.g. in 2003 5 755 cases, in
2004 4 940 cases and in year 2005 5 619 cases. Generally
we concluded that the incidences of gastroenteritis illnes
stagnated. Information about disease circulation is im-
portant to share with sanitary inspection and veterinary
services because they also participate in preventing the
dissemination of communicable diseases especially lin-
ked by food. Because our outbreaks were mostly con-
nected with restaurants with poor hygiene practice, in-
adequate cooking, cooling or reheating or the handling of
food by an infected person or carrier, we must focus on
the implementation of a food safety system well know as
Hazard Analysis Critical Control Point (HACCP) which
will be during year 2009 mandatory regulate in Croatia.
It will help in preventing food related disease by monitor-
ing processes like cooking, cooling, reheating, hot and
cold holding. The system helps to identify where hazards
can be reduced or eliminated to prevent illness but also
will assist in certain costs reductions, litigation, etc20. We
must insist on certification for food handlers and for
recertification every 4 year. The main problem is in an in-
sufficient number of sanitary inspectors who can control
implementation of the law. One study showed significant
reductions in the frequency of failure connected with
cross contamination in kitchen work and in knowledge of
foodborne disease when implemented in an announced
restaurant inspection program21. A Good practice that
must remain in Croatia is that all food handlers must
bring their stool samples every 6 months on analyses, de-
spite a different practice in EU countries. Moreover, it is
important to improve public education of good food prep-
aration practice.
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JEDNOGODI[NJA RETROSPEKTIVNA STUDIJA EPIDEMIJA GASTROENTERITISA U HRVATSKOJ:
INCIDENCIJA I UZRO^NOST
S A @ E T A K
Gastroenteritis je jedna od naj~e{}e prijavljivanih zaraznih bolesti u Hrvatskoj, gdje postoji dobar sustav nadzora i
pra}enja tih bolesti. Cilj ovog rada je utvrditi ~injenice o epidemijama gastroenteritisa s naglaskom na u~estalost jav-
ljanja i naj~e{}ih uzro~nika, te okolnosti koje pridonose pojavi epidemija. Analizirali smo 89 prijavljena slu~aja pomo}u
upitnika ispunjenih od strane podru~nih epidemiologa proslije|enih Hrvatskom zavodu za javno zdravstvo tijekom
2006. godine. Ve}ina epidemija dogodila se tijekom ljeta (39,3%). Naj~e{}i uzro~nici ljeti bile su bakterije, a u prolje}e
virusi (p<0,01). Tako|er, bakterije su bile naj~e{}i uzro~nici epidemija u doma}instvima i restoranima, dok su virusi,
uglavnom norovirus, bili u epidemijama domova za starije osobe i bolnicama (p<0,01). Bakterijske infekcije u vezi su s
lo{om higijenskom praksom u pripravi i pohrani namirnica, dok se virusne infekcije ve`u uz me|uljudski prijenos (feko-
-oralni ili putem zraka) (p<0,01).U svakom slu~aju, najva`nije je prepoznati potrebu za trajnom edukacijom javnosti, te
osobito profesionalaca u pripravi namirnica kao koraka u prevenciji gastroenteritisa.
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